Abstract: PSORI-CM01 is a Chinese medicine formula prepared from medicinal herbs and used in China for the treatment of psoriasis. However, the chemical constituents in PSORI-CM01 have not been clarified yet. In order to quickly define the chemical profiles and control the quality of PSORI-CM01 preparations, ultra-high liquid chromatography coupled with electrospray ionization hybrid linear trap quadrupole Orbitrap mass spectrometry (UHPLC-ESI-LTQ/Orbitrap-MS) was applied for simultaneous identification and quantification of multiple constituents. A total of 108 compounds, including organic acids, phenolic acids, flavonoids, and terpenoids, were identified or tentatively deduced on the base of their retention behaviors, MS and MS n data, or by comparing with reference substances and literature data. In addition, an optimized UHPLC-ESI-MS method was established for the quantitative determination of 14 marker compounds in different dosage forms of PSORI-CM01 preparations. The validation of the method, including spike recoveries, linearity, sensitivity (LOQ), precision, and repeatability, was carried out and demonstrated to be satisfied the requirements of quantitative analysis. This is the first report on the comprehensive determination of chemical constituents in PSORI-CM01 preparations by UHPLC-ESI-LTQ/Orbitrap mass spectrometry. The results suggested that the established methods would be a powerful and reliable analytical tool for the 
Introduction
As known, the Chinese nation, with a history of more than 5000 years of civilization, largely relies on Traditional Chinese Medicine (TCM). TCM still plays a huge role in health care, disease prevention and treatment in China today. This is the reason why TCM has been deeply rooted in China and other Chinese cultural circles around the world for thousands of years. Traditional medicine, especially TCM, is not only an important and indispensable "alternative medicine" or "complementary medicine", but has also been entrusted with hopes for disease prevention and treatment in the future.
Traditional Chinese medicine prescriptions (TCMPs), or TCM formulae, which are applied according to certain compatibility rules, are the main and important clinical applications of TCM. However, TCMPs are facing difficulties because their effective constituents are unclear and sometimes inexplicable, which seriously restricts their development in the international market [1] . The chemical constituents of TCMPs are the key object of the study of TCM [2] . TCM is commonly considered to operate due to the synergistic effects of all the major and minor components in the medicines. Hence sensitive and comprehensive analytical techniques are needed to acquire a better understanding of the substance basis of TCM and to enhance the product quality control [3] .
PSORI-CM01 was a novel formulated Chinese medicine used for psoriasis therapy [4] . It was optimized on the basis of a Chinese medicine formula Yin-Xie Ling, which was originated by Guo-Wei Xuan, the State Medical Master of China [5, 6] . PSORI-CM01 was composed of seven herbs including Rhizoma Curcumae (E Zhu), Radix Paeoniae Rubra (Chi Shao), Sarcandra glabra (Zhong-Jie Feng) , Radix Arnebiae (Zi Cao), Rhizoma Smilacis Glabrae (Tu-Fu Ling), Fructus Mume (Wu Mei) , and Radix Glycyrrhizae (Gan Cao). Guo-Wei Xuan believed that one of the main causes of psoriasis is blood stasis. In this TCM formula PSORI-CM01, Curcumae bearing blood-activating and stasis-dissolving efficacy acts as the monarch drug, Paeoniae Rubra, Sarcandra glabra and Arnebiae, as the minister drugs, that together help Curcumae in activating blood and removing blood stasis. Smilacis Glabrae and Mume produce the effect of reducing the itch and together act as assistant drugs. Licorice, as a guide drug can mediate the other drugs' properties. When combined, the seven drugs have great therapeutic effects. Although the chemical constituents of the individual herbs have previously been well studied [7] [8] [9] [10] [11] [12] [13] [14] [15] , little is known about the integrated chemical composition of PSORI-CM01. Unlike chemical drugs, botanical products contain a complex mixture of compounds. The contents of these compounds may be significantly affected by plant species, geographical sources, harvesting, processing and storage [16] . In addition, three dosage forms of PSORI-CM01 preparations (tablet, granules and decoction) are produced and used clinically in the Guangdong Provincial Hospital of Chinese Medicine. In order to guarantee drug safety and batch-to-batch consistency, quality control is therefore critically important for preparations such as PSORI-CM01. In recent years, the combination of Orbitrap technology with a linear ion trap, known as LTQ Orbitrap mass spectrometer were introduced, which could provide all the traditional MS and MS n scan functions using a linear IT and high mass accuracy measurements (errors within 5 ppm) [17] . Our previous study indicated that this analytical technique has the potential capability of simple, sensitive and reliable detection and identification of complex samples such as TCMs [9] .
In the present study, a sensitive LC-ESI-MS n method was established for rapid separating, reliable identifying and quantifying the multiple components in PSORI-CM01 preparations, by using a hybrid LTQ-Orbitrap mass spectrometer coupled with an UHPLC system. The qualitative analysis was carried out in negative ionization mode to acquire accurate mass data in full scan mode and MS/MS in a data dependent product ion spectrum. Further, 14 reference compounds were quantitatively determined in negative ionization mode and eight samples of PSORI-CM01 preparations were analyzed for assessment of quality consistence.
Results and Discussion

Optimization of Chromatographic Conditions
To improve the resolution and sensitivity of the analysis but reduce the analytical time, the mobile phase system was optimized. To inhibit ionization of the acidic ingredients in PSORI-CM01, formic acid was added to the mobile phase. Two mobile phase systems, methanol-aqueous solution and acetonitrile-aqueous solution were compared. Both negative and positive modes were examined. analysis. For the extracted target ions in full scan mode, an accurate mass limit of 5 ppm accurate mass filter limit was used to characterize "real" compounds signals from the background peaks, as well as to increase the signal-to-noise ratio for each analyte.
Identification of Chemical Constituents in PSORI-CM01 Preparations
The reference substances and PSORI-CM01 sample were analyzed by using the optimized LC-ESI-MS n method. The TIC chromatogram of PSORI-CM01 sample in negative ESI mode was shown in Figure 1 , and 108 peaks were observed in PSORI-CM01 sample. The MS data showed high precision with all the mass accuracy within 5 ppm. Table 1 . The identified compounds can be classified into four classes including organic acids, phenolic acids, flavonoids, and terpenoids, which were mainly from Radix Paeoniae Rubra, Rhizoma Smilacis Glabrae, Sarcandra glabra, and Radix Glycyrrhizae. Monoterpene glucosides and phenolic acids are the main constituents of Paeoniae Rubra, caffeic acid derivatives and flavonoids are abundant in Sarcandra glabra, flavonoids and phenolic compounds are mainly from Rhizoma Smilacis Glabrae, while flavonoids and triterpene glucoside are from Radix Glycyrrhizae. To some extent, the UHPLC-ESI-MS chromatogram reflected the rationale of PSORI-CM01. However, the characteristic constituents (sesquiterpenoids and curcuminoids) from the monarch drug Rhizoma Curcumae were not detected. [18] [19] [20] [21] [22] [23] , which are related to psoriasis. Thus, these 14 ingredients were selected as markers for quality control. 
Method Validation of the Quantitative Analysis
The calibration curves, linear ranges, LOQ, and repeatability of the 14 analytes were established using the developed UHPLC-MS method (Table 2) . Reasonable correlation coefficient values (r 2 > 0.9981) indicated good correlations between the investigated concentrations of the standards and their peak areas within the ranges tested. The ranges of LOQ for all the analytes were from 0.013 to 0.065 μg/mL. Table 3 . Intra-day and inter-day precisions and recoveries for fourteen compounds analyzed with the UHPLC-MS system. (16) The repeatability presented as RSD (n = 5) was between 1.5% and 3.8% for the 14 compounds. The overall intra-and inter-day variations (RSD) of the 14 analytes were in the range from 0.6% to 3.8%, and 1.5 to 4.4% (Table 3) , respectively. The developed method had good accuracy with the recoveries were between 86.3% and 109.5% (Table 3) . Therefore, the results demonstrated that the UHPLC-ESI-MS method was sensitive, precise, and accurate enough for quantitative evaluation of multi-compounds in PSORI-CM01 preparations.
Quantitative Determination of PSORI-CM01 Preparations
A total of eight different batches of PSORI-CM01 preparations were tested using the developed LC-ESI-MS method. The contents (n = 3) of 14 investigated compounds are summarized in Table 4 . It was recognized that 3-O-caffeoylquinic acid (16) The content unit of granule (KLJ-1, KLJ-2) and pills (PJ-3, PJ-4, PJ-5) was expressed as μg/g; The content unit of decoction was ug/mL.
In order to evaluate the variations in detail, hierarchical cluster analysis was performed based on the contents of 14 analytes of the eight investigated batches. Between-groups linkages method was applied, and Squared Euclidean distance was selected as measurement. Figure 2 shows the results on the investigated batches of PSORI-CM01 preparations, which were divided into two main clusters. The results suggested that the contents of 14 analytes were relatively more stable and higher in granule preparations (the batches of K1 and K2) but varied in tablet and decoction preparations. This may be related to the origin of raw medicinal plants origin and extraction technology and so on. As mentioned above, 3-O-caffeoylquinic acid (16) , paeoniflorin (40), liquiritin (51), astilbin (60), engeletin (79), liquiritigenin (87) and glycyrrhizic acid (107) may be the main active components of PSORI-CM01, The content of the six ingredients should be stressed on in establishing quality control methods for PSORI-CM01 preparations. 
Experimental Section
Chemicals and Materials
Methanol and acetonitrile (HPLC grade) were purchased from Fisher Scientific (Fair Lawn, NJ, USA); Formic acid (HPLC grade) was purchased from the Sigma-Aldrich (Seelze, Germany); Ultra-pure water was prepared using a Millipore Milli-Q purification system (Bedford, MA, USA).
5-O-caffeoylskimic acid (39), paeoniflorin (40), neoastilbin (56), astilbin (60), neoisoastilbin (64), isoastilbin (67), engeletin (79) and isoengeletin (82) were isolated in our lab and identified by the authors. 3-O-caffeoylquinic acid (16), 5-O-caffeoylquinic acid (22), 4-O-caffeoylquinic acid (24) , liquiritin (51), liquiritigenin (87), and glycyrrhizic acid (107) were purchase from the National Institutes for Food and Drug Control (Beijing, China). All of the purities were above 98% by HPLC analysis. Eight batches of PSORI-CM01 preparations were supplied by Guangdong Provincial Hospital of Chinese Medicine, and voucher samples were deposited in the laboratory of Materia Medica Preparation, Guangdong Province Academy of Chinese Medicine Science.
Standard Solutions and Sample Preparation
Stock solutions of the 14 reference substances were prepared in concentrations ranging from 0.420 to 5.083 mg/mL in 60% methanol and stored at 4 °C until use. A standard working solution of the mixtures was obtained by diluting stock solutions to desired concentrations. Aliquots of this solution were further diluted with initial mobile phase to a series of concentrations for quantification.
PSORI-CM01 preparations (granules and tablets) were pulverized into a fine powder. The powder (0.5 g) was accurately weighed, immersed in 60% MeOH (v/v, 10 mL) for 1 h at room temperature, then extracted in an ultrasonic water bath for 30 min. After recording the weight, the extract was filtered through filter paper. Aliquots of 500 μL of filtrate was transferred into a 5 mL volumetric flask which was made up to its volume with initial mobile phase. PSORI-CM01 decoction was diluted 10 times in 60% MeOH (v/v) for quantitative analysis. All of the samples were filtered through a 0.22 μm syringe filter before use, and 10 μL was injected into the LC instrument for LC-MS analysis.
UHPLC-ESI-MS/MS System
Chromatographic separation was performed on an Accela™ ultra high pressure liquid chromatography (UHPLC) system (Thermo Fisher Scientific, San Jose, CA, USA) comprising a UHPLC pump, a PDA detector, scanning from 200 to 400 nm, and an autosampler settled to 30 °C. The LC conditions were as follows: column: Thermo Scientific Syncronis C18 (50 mm × 2.1 mm, 1. The above UHPLC system was connected with a LTQ/Orbitrap mass spectrometry system (Thermo-Fisher Scientific, Bremen, Germany) via an ESI interface. High purity nitrogen (N2) was used as the sheath gas and helium (He) as the auxiliary gas with a flow rate of 40 and 10 arbitrary units, respectively.
Qualitative Characteristic of Chemical Constituents
Identification of chemical constituents in PSORI-CM01 preparations was performed by LC-ESI-MS n analysis. The ESI-MS spectra of samples and reference compounds were acquired in negative ionization mode. The parameters were as follows: capillary temperature at 320 °C, capillary voltage at −28 V, ion spray voltage at −4.0 kV, and tube lens voltage at −90 V. For full scan MS analysis, the spectra were recorded in the range of m/z 100-1500 with a resolution of 30,000. Data-dependant acquisition was applied and the most intense ions detected in each MS scan were selected for MS n data records with a resolution of 15,000. The activation time was 30 ms and the collision energy was adjusted to 35%. Data were processed by Xcalibur software (Thermo-Fisher Scientific, Bremen, Germany). An external calibration for mass accuracy was carried out the day before the analysis according to the manufacturer's guidelines.
Validation of the Quantitative Analysis
The stock solution containing 14 reference compounds was prepared and diluted to seven-point calibration levels for the construction of calibration curves. Each concentration of the mixed standard solution was injected in triplicate. Calibration curves were established by plotting the peak area versus concentration of each analyte. Intra-and inter-day variations were utilized to assess the precision of the method. The intra-day variation was determined by analyzing six replicates within 1 day and the inter-day variation was examined in three consecutive days. Recovery was used to evaluate the accuracy of the method. Recovery test was carried out to investigate accuracy of this method by adding certain amounts of the 14 standard solutions to 0.25 g powder of sample in sextuplicate. Samples were processed as described in Section 2.2. To confirm the repeatability, five replicates of the same sample were extracted and analyzed. Variations were expressed by relative standard deviation (RSD) in all three tests above.
Conclusions
